Identification of NaK-ATPase inhibitors in human plasma as nonesterified fatty acids and lysophospholipids.
Elevated plasma levels of factors with cardiac glycoside-like activity have been implicated in the response to volume expansion in animals and in the pathogenesis of certain human diseases. We recently described four fractions (IR1, EI1, EI2, EI3) from normal human plasma that inhibit NaK-ATPase, displace ouabain from the enzyme, and exhibit digoxin-like immunoreactivity (Kelly, R. A., O'Hara, D. S., Canessa, M. L., Mitch, W. E., and Smith, T. W. (1985) J. Biol. Chem. 260, 11396-11405). In this report, we identify the active component of these plasma fractions as long-chain nonesterified fatty acids (NEFA) and lysophospholipids. These lipids were present in fractions EI1, EI2, and EI3 in quantities sufficient to account for all of the NaK-ATPase inhibitory activity. The digoxin-like immunoreactivity in fraction IR1 could be attributed to hydrocortisone and other endogenous steroids. To explore the nature of the lipid-NaK-ATPase interactions, we examined the effects of various ATP or sodium concentrations on the NaK-ATPase activity measured in the presence of NEFA. Varying sodium did not affect the inhibition of NaK-ATPase by linoleic acid. At less than 0.15 mM ATP, linoleic acid stimulated NaK-ATPase, but at higher ATP concentrations, the enzyme was progressively inhibited. In summary, NEFA and lysophospholipids, at levels similar to those occurring in human plasma, may account for all of the NaK-ATPase inhibitory activity observed in human plasma fractions. These lipids probably do not directly regulate NaK-ATPase in vivo under normal physiologic conditions, but may alter the sodium pump in disease states characterized by abnormalities in lipid metabolism or plasma protein binding.